Introduction of tumor markers into routine clinical practice has been poorly controlled, with few criteria or guidelines as to how such markers should be used. We propose a Tumor Marker Utility Grading System (TMUGS) to evaluate the clinical utility of tumor markers and to establish an investigational agenda for evaluation of new tumor markers. A Tumor Marker Utility Grading Worksheet has been designed. The initial portion of this worksheet is used to darify the precise characteristics of the marker in question. These characteristics include the marker designation, the molecule and/or substance and the relevant alteration from normalcy, the assay format and reagents, the specimen type, and the neoplastic disease for which the marker is being evaluated. To determine the clinical utility of each marker, one of several potential uses must be designated, including risk assessment, screening, differential diagnosis, prognosis, and monitoring clinical course. For each of these uses, associations between marker assay results and expected biologic process and end points must be determined. However, knowledge of tumor marker data should contribute to a decision in practice that results in a more favorable clinical outcome for the patient, including increased overall survival, increased disease-free survival, improvement in quality of life, or reduction in cost of care. Semiquantitative utility scales have been developed for each end point The only markers recommended for use in routine clinical practice are those that are assigned utility scores of "++" or "+++" on a 6-point scale (ranging from 0 to +++) in the categories relative to more favorable clinical outcomes. Each utility score assignment should be supported by documentation of the level of evidence used to evaluate the marker. TMUGS will establish a standardized analytic technique to evaluate clinical utility of known and future tumor markers. It should result in improved patient outcomes and more cost-efficient investigation and application of tumor
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Tumor markers are ostensibly used in the clinical setting to provide information that will influence clinical decision-making (/) . However, unlike the objective criteria established to evaluate new therapeutic agents, few guidelines have been established to determine if and/or when use of a tumor marker should become standard (2) . For example, although trial designs for evaluation of new therapeutic agents are not identical, there is general consensus regarding the framework of phase I, II, and III trials and regarding the use of various semiquantitative scales (response criteria, toxicity scales, performance criteria scales) to measure outcomes within these studies. There is also general consensus regarding the relative merits of prospective clinical trials versus retrospective reviews of clinical experience. Nonetheless, each of these trial design frameworks is sufficiently flexible to permit individual investigator initiatives and modifications. Within this framework, most investigators and clinicians understand and use common terms, such as complete or partial response, or such as grade I-IV toxicity, to determine how and when a new agent is ready to be accepted as "standard." We propose that it is appropriate to establish similar criteria for evaluation of tumor markers and to standardize the tumor marker information for clinical utility.
Potential difficulties in using surrogate markers for predicting clinical end points have been discussed previously (3, 4) . For example, if tumor marker data are unreliable or if assumptions regarding the utility of tumor marker data are incorrect, clinical decision-making will be adversely affected. A patient's treatment plan might be altered on the basis of tumor marker data without evidence that such an action is justified. It is generally accepted that inappropriate administration of drugs may well result in a poor outcome. Likewise, improper clinical decisions based on incorrectly interpreted tumor marker results may not only increase cost of care but also may expose the patient to adverse consequences, such as treatment with toxic but unnecessary therapeutic agents. To aid in the appropriate use of tumor markers, we propose a system for tumor marker evaluation that will allow objective assessment for acceptance or rejection of a marker for use in clinical practice, in a manner analogous to the systems already in use for new drug development.
We have developed a standardized method of defining a specific tumor marker to be evaluated, as well as a Tumor Marker Utility Grading System (TMUGS). Key features of TMUGS include proposing semiquantitative utility scales and establishing a hierarchy of levels of evidence to support conclusions regarding the utility of a given marker for a given use. We have generated a single page "worksheet" into which all of the features of the TMUGS are entered (Fig. 1) . The user may wish to extract portions of the Tumor Marker Utility Grading (TMUG) Worksheet, depending on the intended function.
Who might use the TMUGS? This system was expressly designed for the purpose of practice guideline development (see "Notes" section). Therefore, we suggest that the TMUGS will aid clinicians in the determination of whether currently available tumor markers are appropriately used in practice. However, we also suggest that clinical and laboratory investigators might consider a modified use of the TMUGS as they plan their studies of new tumor markers and as they provide expert review of investigations of others. Designing studies within the TMUGS framework should lead to more efficient determination of the clinical utility of a new marker.
It is not the purpose of this article to evaluate any specific marker or analytical technique (biochemical or statistical) for any particular use. Rather, it is to introduce a consistent and objective process for evaluating tumor markers. We propose that the TMUGS is a step toward helping to standardize and establish some order in the presently chaotic field of tumor markers.
Definitions and Specifications of Tumor Markers
Various designations are often used interchangeably for tumor markers. By definition, a marker represents a qualitative or quantitative alteration or deviation from normal of a mole- cule, substance, or process that can be detected by some type of assay. For the purposes of this proposal, only those alterations that are detected by a special assay performed on a body tissue or fluid, other than routine histopathologic or laboratory evaluations, will be considered as tumor markers.
DEFINITIONS AND SPECIFICATIONS OF MARKER

MARKER
The TMUG Worksheet (Fig. 1 ) is designed to organize multiple areas of heterogeneity and confusion that have contributed to the lack of a standardized approach to clinical acceptance of specific tumor markers. The top portion of the worksheet includes precise designations and nomenclatures that specifically identify the marker of interest. The bottom portion provides a framework in which one can evaluate the available data for that specific tumor marker in regard to one of several different clinical uses and one of several different outcomes. Succeeding tables provide more detailed explanations of one or more categories within the worksheet.
Marker Designations and Nomenclatures
For each tumor marker evaluation, the marker in question must be precisely designated. Many designations may be given to the same family of markers, and one designation may be given to many different types of markers (Fig. 1, Table 1 ). Markers may acquire different designations when different investigators or commercial interests independently identify and develop assays for potentially useful markers. For example, the HER-2 (for human epithelial receptor-2) gene is also known as neu (for neuroblastoma oncogene) and erb-B2 (for epithelial receptor b-B2) (5).
Molecule or Substance Assayed and Alteration Detected
Gene designation may have different meanings, depending on what is being assayed. For example, abnormalities in the HER27neu/erb-B2 axis may describe genetic, RNA, or protein changes in tissue. These changes include mutations, amplifications, or overexpression (<5). Another abnormality in the HER-2/neu/erb-B2 axis includes elevations of circulating levels of the external domain of the proto-oncogene protein (7) (8) (9) . Furthermore, a report (70) has described evidence of an immune response against HER-2/neu, as reflected by endogenous antibody titers or cellular immune activity directed toward the protein. Finally, although not yet described, identification of abnormalities in one or more HER-2/neu/erb-B2 ligands may also be useful as tumor markers (77). Therefore, in this example, the statement that "HER-2/neu is positive" may have various implications. These ambiguities make it essential to designate precisely what molecule or process are altered (e.g., DNA, RNA, protein, antibody, cellular response, etc.) and what alteration was detected in that molecule or process (e.g., amplification, mutation, deletion, overexpression, elevated soluble protein levels, increased cellular activity, etc.) (Fig. 1, Table 1 ). These may be quite specific. For example, one mutation in a tumor suppressor gene such as p53 may not produce the same biologic effect as another mutation or a deletion in the same gene (72).
Assay to Detect Alteration in Molecule or Substance of Interest
An assay is a test to identify the alteration in the marker substance or process. One cannot assume that two assays for the same alteration of the same molecule provide identical results. Rather, results can be expected to be quite heterogeneous, depending on how the assay is constructed and how the results are interpreted (Table 1) .
A variety of technical issues may contribute to how well a marker correlates with biologic and clinical end points. These issues must be described and understood for each specific marker and for each specific use ("use" is described below). For example, mutations in p53 may be detected by sequence analysis of DNA, by single-strand conformational polymorphism screening of DNA, or by immunohistochemical analysis of tissue for p53 protein (the latter is detectable only if mutations have altered the protein to protect it from rapid degradation) (75). Each of these assays may produce different results and conclusions regarding the clinical utility of presumed p53 mutations as a prognostic factor.
Alternatively, one reagent may be used in different assay formats. For example, a monoclonal antibody may be used for immunohistochemical studies to detect and semi-quantify tissue antigen expression, or it might be incorporated into an enzymelinked immunoassay to provide a quantitative measure of the same antigen in tissue suspension, or a solution (74). These two techniques will produce different analyses of the same marker, with potentially variable clinical significance. Thus, each claim should be based on independent studies that demonstrate the utility of that marker in the manner in which it was tested, rather than on assumptions that one method provides the same correlation with end points and outcomes as another.
Reagents, Conditions, and Signal Detection Systems Used in Assay Formats
Detection and quantification of a marker with different reagents may not produce identical results, even if these reagents are used in similar assay formats (Table 1 ) (75). For example, in one study, immunohistochemical staining was performed on consecutive tissue sections from the same blocks, using three different monoclonal antibodies directed against separate epitopes on the same breast cancer-associated mucinlike antigen (MUC-1) (16) . In this study, associations between immunohistochemical positivity and clinical outcomes were distinct for each of the three antibodies, presumably because expression of each epitope differed from the other two (16) .
A specific assay for an individual marker, even if performed in a uniform fashion, may be interpreted differently with the use of various systems of signal analysis. For example, several methods for scoring immunohistochemical staining have been proposed. The same slide may be read by light microscopy with human interpretation or by computer-based scanning. One might consider only nuclear staining critical and ignore all other patterns (e.g., cytosolic or membrane) or vice versa. Some scoring systems consider only whether cells are positive or negative. In these systems, results are expressed as "percent positive cells." In other scoring systems, intensity of staining is factored in with the percentage of cells positive to create an immunohistochemical score or index (17) . Comparison of results from these two separate analyses might lead to quite different conclusions.
Changes from normality may be expressed in a continuous or categorical fashion. Many different methods to distinguish an abnormal state from a normal or previous base-line condition have been proposed, and these methods may be assay specific (3, 4, (18) (19) (20) . How a cutoff value is chosen and which cutoff value is used may substantially alter the association with clinical outcomes.
Specimen Source on Which Assay Is Performed
One assay may be used to detect a marker in different specimen types. Specimen types and methods of collection that might influence assay results are listed in Table 2 . For example, an enzyme-linked immunoassay for the HER-2/neu proto-oncogene product may be used to detect the antigen in fresh or frozen tissue or to detect a portion of that same antigen in plasma (14) . The biologic and clinical significance of a marker detected in association with a cell (e.g., in the cytosol or membrane) may be very different from that of the same marker when it is detected as a soluble factor in fluid. Furthermore, results obtained from a cellular needle aspirate might be different from those obtained using the same assay on the identical cells collected in a large biopsy specimen in which tissue architecture is preserved.
Different strategies of specimen preparation and storage may radically alter assay results. Examples of common storage stra- 
Secreted or body fluids
Assays that detect cellular-based marker (marker is in or on cell)
Excisional or incisional biopsy Large-bore needle biopsy Table 2 . Many tumor marker assays, especially those that are based on antibody-antigen reactions, are much more sensitive in fresh or frozen specimens. Moreover, in fixed tissues, antigen "survival" may vary with different fixatives. Many assays are affected not only by the types of fixatives or anticoagulants used in preparing the specimen, but also by conditions of storage (different temperatures, exposure to air, etc.) and the length (time) of storage (months versus years) (27) . In addition, for many soluble markers, multiple freezing and thawing cycles may decrease reactivity, depending on the specific assay. Furthermore, even if collection and storage methods are standardized, sampling differences (e.g., reviewing multiple tissue section slides as opposed to one per case) may substantially alter results.
Disease for Which Marker Is Being Assayed
One tumor marker, even if defined precisely and assayed uniformly in one disease, may not have any or may have a completely different clinical utility in another cancer {see below, "Clinical Uses"). Although it is important to designate the disease for which the marker is being evaluated, the TMUGS should be applicable, with minor modifications, to most cancers.
Evaluating Clinical Utility of Specific Tumor Markers
Overview of the TMUGS
The TMUGS is designed to determine whether the weight of available evidence suggests that knowledge of marker data for an individual patient can be reliably used to make clinical decisions that will improve outcome. A secondary use of the TMUGS would be to design an efficient clinical study of a new or an established marker. Tumor marker data might be useful in at least nine separate clinical situations, designated "uses" for the purpose of the TMUGS {see under "Utility" in column 1, Fig. 1 ). For each potential use, tumor marker data should be evaluated to determine whether they are reliably associated with the biologic process being considered and whether that association predicts a future end point regardless of whether that knowledge has any clinical therapeutic relevance.
Ultimately, knowledge of tumor marker data should lead to a clinical decision that results in a more favorable clinical outcome than if the marker results were not known. The TMUGS is designed to determine the utility of the marker in helping to reliably make clinical decisions that result in improvements in one of four clinical outcomes: overall survival, disease-free survival, quality of life, or cost of care {22).
To estimate a marker's utility for any of the nine uses, separate, semiquantitative utility scales were developed for two categories: 1) biologic process and end points and 2) clinical outcomes. The assigned utility score in these scales reflects the reviewer's summary of the state of the art for that marker in each situation. To justify the assignment of a specific utility score, the reviewer provides an estimate of the level of evidence to support his/her evaluation with an associated list of references. The reviewer might be evaluating only a single study of a given marker, or he/she might use the TMUGS to perform a comprehensive overview of available studies. In the following sections, each of these components of the TMUGS is described in greater detail.
Clinical Uses
A tumor marker may be useful in evaluation and treatment decisions in one or more clinical situations, including risk assessment, screening, differential diagnosis, prognosis, and monitoring disease course (Fig. 1) . Application of screening and/or preventive strategies is most efficient in populations of patients who are at highest risk of developing the anticipated event {23). The recent identification of several "cancer susceptibility genes" will provide the opportunity to estimate cancer risk more precisely {24). Screening for signs of malignancy before it becomes clinically manifest is valuable if early treatment of the cancer in question substantially reduces morbidity and mortality..
Histopalhologic diagnosis represents the paradigm of a tumor marker. If histopathology is equivocal, tumor markers might help to distinguish malignant from benign tissue after biopsy, to distinguish hematologic from epithelial from mesenchymal cancers, and potentially even to distinguish one tissue type from another (25) .
Prognosis for patients with established primary or metastatic cancer is defined as the prediction of future behavior of an established malignancy, either in the absence of or after application of therapy (local or systemic). We have followed the suggestion of McGuire and Clark {26), who proposed that prognostic factors be divided into two categories: 1) those that predict relapse or progression independent of future treatment effects (which we will designate "prognostic" factors) and 2) those that predict response or resistance to a specific therapy (which we will designate "predictive" factors).
A factor can be both prognostic (of likelihood of relapse and/or progression) and predictive (of likelihood of benefit from therapy). For example, untreated patients with newly diagnosed estrogen receptor (ER)-negative primary breast cancer have a higher risk of relapse over a shorter period of time than do ERpositive patients with a similar disease stage, presumably because ER is associated with either metastatic and/or growth potential {2728). In this case, ER is "prognostic." On the other hand, the antiestrogen tamoxifen is more effective in preventing breast cancer recurrences in ER-positive patients than in ERnegative patients {29). In this case, ER is "predictive" of benefit from tamoxifen.
During treatment and subsequent follow-up, marker results might be used to monitor patients. One might monitor those patients who have no (detectable) evidence of disease to detect impending relapse (Fig. 1 , see "Detect relapse in patients with no evidence of disease after therapy for primary or recurrent disease") or those with detectable disease to determine whether the current therapeutic regimen is effective (Fig. 1 , see "Follow detectable disease").
Marker Correlation With Biologic Processes and Biologic End Points and Marker Use Leading to More Favorable Clinical Outcomes
Ultimately, a tumor marker result is clinically useful only if knowledge of its status promotes a change in practice that favorably affects a clinical outcome. Therefore, tumor marker clinical utility cannot be separated from the known benefits of therapy for that condition. However, research regarding tumor markers, even for diseases and uses for which no effective therapy is currently available, should continue, with the understanding that rumor marker data will be valuable in the context of future therapeutic advances. In the TMUGS, we have separated the tumor marker assay's association with a biologic process or end point from its clinical utility (Fig. 1 , see "Utility"). To avoid confusion, we have designated the association between marker results and disease behavior (e.g., development of cancer in the "Risk" category or progression of cancer in the "Prognosis" categories) as a "Correlation With Biologic End Point." In contrast, we have designated use of marker results to dictate a clinical decision that is beneficial to the patient as a "Favorable Clinical Outcome." Thus, we use the term "outcomes" only if it specifically refers to a therapeutic decision that leads to a superior clinical result (22) .
For any diagnostic test, it is important to know how well the test performs in populations with and without the disease in question (3031). These performance characteristics include the sensitivity and specificity and the positive and negative predictive values of the assay (32) . Performance characteristics can be used to objectively determine the associations of assay results with biologic processes and end points and, consequently, the effects in producing more favorable clinical outcomes.
Marker association with biologic process and biologic end point. For a marker to be of value in a clinical setting, it must reflect the biologic process with which it is putatively associated. However, association with a biologic process, even if quite good, does not necessarily imply clinical utility. If the knowledge of the marker result does not lead to a decision in clinical practice that results in a more favorable clinical outcome (overall survival, disease-free survival, quality of life, and cost of care), then its use in routine clinical practice is discouraged (22) . Nonetheless, on an investigational basis, correlations with biologic end points are still important to ascertain for the marker in various uses, since these correlations might be extremely valuable if and when therapeutic advances for the disease are made. Subsequent and separate evaluations can then be performed with regard to whether tumor marker data have utility in making clinical decisions that result in a favorable clinical outcome.
Two features must be considered for this category: 1) Do the assay results reliably reflect the biologic process or change for which the assay is developed? 2) Do the assay results predict the biologic end point under consideration? For example, immunohistochemical staining for the p53 protein in fixed carcinoma tissue correlates reasonably well with mutations in the p53 gene (55) . In this case, the assay for one marker, immunohistochemical staining for increased levels of p53 protein, reflects the gold standard assay, sequencing DNA for base-pair mutations. Nonetheless, it is possible that such antibodies crossreact with other molecules or do not react with p53 at all. Thus, before any clinical utility of staining with these assays can be determined, it is important to demonstrate that they recognize mutated p53 protein with reasonable sensitivity and specificity (75).
However, knowledge that an assay reflects a biologic process does not mean that results of that assay predict future behavior of the tumor. For example, it is now well established that up to 50% of breast cancers exhibit evidence of p53 mutations. However, the data from studies that attempt to determine the prognostic value of mutated p53 for a higher likelihood of recurrence and mortality are mixed (75).
In summary, the category describing association with biologic processes and biologic end points is intentionally included as the first "utility" to be evaluated for each tumor marker in each use. Association of tumor marker results with a biologic process may help set an investigational agenda by providing insight for future marker studies that address biologic end points. Moreover, such studies should also contribute to development of more effective therapies for cancers in which tumor markers are associated with biologic end points.
Marker leading to decision in clinical practice that results in favorable outcome. Although association with a biologic process is of interest for investigational purposes, standard use of a marker in routine clinical practice should be recommended only if the marker reliably adds to the clinician's judgment during clinical decision-making, resulting in a more favorable clinical outcome for the patient. These favorable outcomes are increased overall survival, increased disease-free survival, improved quality of life, and/or reduced cost of care ( Fig. 1) (22) .
Overall survival is defined as the overall time a patient will live. By virtue of earlier detection, tumor marker data may artificially increase perceived survival after diagnosis, resulting in lead-time bias. However, true overall survival may be increased because earlier treatment might lead to better chances of living longer. Thus, measurement of overall survival must be performed properly, such as in a prospective, randomized trial. Nonetheless, prolongation of overall survival is relatively straightforward to evaluate and is universally accepted as a desired end point. In contrast, prolongation of disease-free survival commonly serves as an assumed surrogate for either prolonged overall survival or improved quality of life. However, depending on the disease and use in question, disease-free survival may not necessarily be a reliable indicator of either. Quality of life is a more meaningful end point than disease-free survival, but it is often more difficult to quantify objectively (34) (35) (36) . Reduction in cost of care is an equally important goal of using tumor markers. Reduced costs of care may occur by replacement of a more expensive test with an equally reliable but more economic tumor marker result.
Utility Scales to Evaluate Tumor Markers
As a critical component of the TMUGS, we developed semiquantitative utility scales that describe the reviewers' interpretation of the current status of a marker for biologic and clinical outcomes for each use (Tables 3, 4) . In general, the values in these scales reflect the performance characteristics for the assay in relationship to the respective use and the biologic process and biologic end point and/or favorable clinical outcome.
Evaluation of the marker using the utility scale requires a review of available data and assignment of a utility score for the marker in each specific use. Assignment of a utility score to a marker for a given use is not irrevocable, since this process re- quires subjective review of available data (see below, "Levels of Evidence...") and since new data regarding either the marker or the therapy may (and, indeed should) change the utility. We have developed two separate scales to reflect the distinction between evaluation of a marker's performance characteristics in regard to biologic process and biologic end points (Table 3 ) and the utility of marker data to produce more favorable clinical outcomes (Table 4 ). Although these scales are similar, they have different functions. As described, association of marker with biologic process and biologic end points does not imply clinical utility, although it may. Thus, utility scores from "0" to "++" are assigned for the columns describing biologic process and biologic end points (Table 3) .
However, a critical evaluation of the marker in the context of existing therapeutic benefits must be made to meet the criteria for a marker to be considered "standard practice." Thus, the scale to evaluate markers for clinical outcomes includes an additional score, "+++" (Table 4 ). In the favorable clinical outcomes scale (Table 4) , only scores "++" and "+++" are sufficient for a marker to be considered standard clinical practice. In contrast, assignment of a "0" to a marker in a given use implies that sufficient data are available to document that, even if the marker had appeared promising in preliminary studies and/or even if it correlates highly with a biologic end point, it has no utility for that use when critically investigated in the context of available therapeutic options. A "0" may be assigned because the marker data are so poor that they do not correlate with the biologic process or biologic end point to be useful (e.g., they may have been assigned a "+/-" or "+" in these categories). Alternatively, in the favorable clinical outcomes columns, "0" might be assigned because the therapeutic options available for that disease are insufficient to render tumor marker data of any utility, even if the marker is associated with the biologic process or biologic end point.
One example of the former situation is that of tissue carcinoembryonic antigen (CEA) expression and breast cancer. Immunohistochemical staining reliably reflects the expression of CEA. Therefore, we would assign a utility score of "++" to the biologic process correlation column in the "Prognosis: Primary" row in Fig. 1 . However, CEA expression is only weakly predictive, if at all, of a higher risk of recurrence in patients with stage I or II breast cancer (37) . Thus, even though adjuvant systemic therapy does reduce the odds of recurrence for patients with breast cancer, the power to distinguish favorable from unfavorable prognosis with CEA staining is so weak that this technique has no role in clinical care. Therefore, we would assign a "0" in the column for correlation with biologic end point and in all the succeeding columns (overall survival, disease-free survival, quality of life, and cost of care) as well.
An example of a second reason to assign a "0" is detection of H-ras mutations in non-small-cell lung cancer (NSCLC). These mutations are correlated with worse outcome in patients with Table 4 . Scale to evaluate utility of tumor markers for favorable clinical outcomes Utility scale Explanation of scale 0 Marker has been adequately evaluated for a specific use, and the data definitively demonstrate it has no utility. The marker should not be ordered for that clinical use.
NA Data are not available for the marker for that use because marker has not been studied for that clinical use.
+/-Data are suggestive that the marker may correlate with biologic process and/or biologic end point, and preliminary data suggest that use of the marker may contribute to favorable clinical outcome, but more definitive studies are required. Thus, the marker is still considered highly investigational and should not be used for standard clinical practice. + Sufficient data are available to demonstrate that the marker correlates with the biologic process and/or biologic end point related to the use and that the marker results might affect favorable clinical outcome for that use. However, the marker is still considered investigational and should not be used for standard clinical practice, for one of three reasons:
1) The marker correlates with another marker or test that has been established to have clinical utility, but the new marker has not been shown to clearly provide any advantage. 2) The marker may contribute independent information, but it is unclear whether that information provides clinical utility because treatment options have not been shown to change outcome. 3) Preliminary data for the marker are quite encouraging, but the level of evidence (see below) is lacking to document clinical utility.
++
Marker supplies information not otherwise available from other measures that is helpful to the clinician in decision-making for that use, but the marker cannot be used as sole criterion for decision-making. Thus, marker has clinical utility for that use., and it should be considered standard practice in selected situations.
+++
Marker can be used as the sole criterion for clinical decision-making in that use. Thus, marker has clinical utility for that use, and it should be considered standard practice.
newly diagnosed stage II NSCLC (38) . Thus, one would assign either a "+" or "++" for these markers in the columns for "Marker association with biologic process and biologic end point" in the row for "Prognosis: Primary." However, results from several clinical trials have failed to demonstrate definitively that overall survival, disease-free survival, quality of life, or cost of care for patients with newly diagnosed stage I or II NSCLC is improved with application of currently available adjuvant systemic therapies after initial surgery (39, 40) . Thus, these markers would be assigned a "0" for this use for these outcomes at that time, even though they would be assigned "+" or "++" in the preceding columns for correlation with biologic process and biologic end points. If effective adjuvant therapies are developed, then these markers might be reassigned more favorable scores.
If the marker has not been studied or data are insufficient to make a judgment for that clinical use, the marker is assigned a utility score of "NA." This category is for markers for which theoretical bases exist to hypothesize a potential utility for a given use, but for which the appropriate studies have not been performed. For example, it is anticipated that assays to detect abnormalities in the recently cloned breast cancer-associated gene BRCA1 will soon be available (41, 42) . Theoretically, these assays should identify subjects who are very likely to develop breast cancer. Although it is not clear how sensitive or specific these assays will be, it is likely that they will be assigned a score of "+" or even "++" for the biologic process column. However, it is suspected (and indeed it is likely) that not all abnormalities in this gene will be associated with the development of breast cancer (24, 43, 44) . Thus, we would assign these assays a score of "NA" for the biologic end point column until properly designed clinical studies are performed.
More importantly, it is not known whether currently existing preventive strategies, such as surgical organ ablation or chemoprevention, will reduce the odds of developing cancer in affected individuals (24, 43, 44) . Thus, again, we would assign utility scores of NA for the clinical outcomes column until appropriate studies are performed.
The categories of "+/-" and "+" are the next steps after "NA" on a continuum of investigations to determine the utility of a marker in a given use. This designation would be assigned during early evaluation of a marker, when results from only a few preliminary studies are available or when results from several studies conflict. The "+" category implies that the marker is promising but cannot be considered standard clinical practice. Three possible scenarios exist for assignment of a "+" score rather than a more definitive "++" for biologic correlations or "++" or "+++" for favorable clinical outcomes.
1) The marker correlates with another marker or test that has been established to have clinical utility, but the new marker has not been shown to clearly provide any advantage. For example, several breast cancer tissue-based markers (cathepsin D, tissue neovascularization) appear to correlate with the presence or absence of lymph node involvement and even a high risk of recurrence (/) . Therefore, these markers would be assigned "+" or "++" for both the biologic process and biologic end points columns. However, results from the many reported studies are inconsistent with regard to whether any of these markers provides independent information beyond what is already known from clinical stage and lymph node status. Thus, these markers should not be used to make treatment decisions and would be assigned scores of "+" for any of the clinical outcomes columns. However, it is possible that results of future investigations will suggest that these markers may either complement or even replace lymph node status (utility score -"++" or "+++", respectively) or that they do not provide any additional information (utility score = 0).
2) The marker may contribute independent information, but it is unclear whether that information provides clinical utility because treatment options have not been shown to change outcome. In this case, the marker may have a "+" or "++" score in the biologic process and biologic end point columns (see above) but only a "+" for clinical utility. For example, as noted previously, several tissue-based markers are reliable prognostic factors in patients with newly diagnosed NSCLC (45) . Although no clinical trial has established that early systemic adjuvant therapy for NSCLC patients improves any of the four stated clinical outcomes, subgroup analysis has suggested that perhaps there are populations of patients within these trials for whom adjuvant chemotherapy improves disease-free survival (39, 40) . It is possible that more effective therapies that have been developed subsequent to these randomized trials would result in a favorable outcome for these patients. However, that assumption must be demonstrated in a properly controlled, prospective trial or in large overview analyses of many studies.
3) Preliminary data for the marker are quite encouraging, but the level of evidence (see below) is lacking to document clinical utility. In this case, clinical data have been generated, and results are not uniformly positive or negative or are not sufficient to be considered "definitive." For example, several studies (46, 47) have suggested that HER-2/neu overexpression may predict relative sensitivity or resistance to adjuvant chemotherapy. Although intriguing, these results must be interpreted in light of the well-described hazards of retrospective subset analysis, and they require further confirmation in other studies (see "Levels of Evidence to Assign Utility Score to Marker For Use" below). Thus, we would assign HER-2/neu expression a score of "+" for the use of "Prognosis: Predict response to therapy: Primary" (Fig. 1) .
The final two categories "++" and "+++" imply that the marker has clinical utility. The "++" category is the one into which many clinically useful markers will be placed. In this setting, the marker complements other information (history, physical examination, radiography, routine histopathology, other markers) used by the clinician to judge the patient's status and to decide which avenue of practice will be most beneficial to the patient.
For example, the performance characteristics of a rising CEA level during follow-up of a patient who has completed primary and adjuvant therapy for either colon or breast cancer are sufficient to reliably predict future recurrence within the following few months to years (46, 47) . Thus, for either disease, we would assign a score of "++" for the "Correlation with biologic processes and biologic end points" columns in the row designated "Monitor course: Detect relapse in patient with no evidence of disease after therapy for primary or recurrent disease." However, the clinical utility of monitoring CEA levels to detect early relapse may be strikingly different for these two diseases. Although the issue is controversial, there is substantial evidence that, in certain colon cancer patients with a rising CEA level, isolated hepatic metastases can be identified and resected, with an apparent cure rate of 20% (46, (48) (49) (50) . We would assign a utility score of "++" for serial monitoring of CEA in such patients, since the marker is used in the context of other diagnostic tests (such as computed tomography scans) to indicate a clinical approach that results in a more favorable outcome, at least in some patients. In contrast, although a rising marker predicts relapse in breast cancer patients, such patients are not apparently better treated because of this knowledge (57) . Therefore, serial monitoring of breast cancer patients, in the same situation as that of colon cancer patients, is assigned a "0" or, at best, a "+/-."
Few markers can be used as the sole criteria for clinical decision-making; therefore, most will be assigned "++" or less. Nonetheless, in some situations, changes in clinical practice are indicated on the basis of marker results alone. Perhaps the best example is the use of a-fetoprotein and fJ-human chorionic gonadatropin in men with testicular cancer. An elevated or rising circulating level of either or both of these markers after a patient has been rendered free of detectable disease (by surgery or chemotherapy) is pathognomonic for recurrence and is an indication for treatment, regardless of whether disease can be detected by other means (52) (53) (54) . Markers assigned this score should be considered standard practice in the evaluation and monitoring of all patients with the disease in question.
Levels of Evidence to Assign Utility Score to Marker for Use
Initially, the TMUGS was designed to develop practice guidelines for tumor markers (see "Notes" section). Extensive reviews of practice guideline development are published elsewhere (55) (56) (57) (58) . However, a cornerstone of practice guideline development is a critical review of published investigational data to develop and support the conclusions of the reviewer. Thus, the reviewer can place the available data into one of several "Levels of Evidence." These levels are categories that define the quality of data that exist on which the utility score is based.
We have modeled our "Levels of Evidence Scale" on that proposed by the Canadian Task Force on the Periodic Health Examination (59) . In that scale, used to develop practice guidelines for specific therapeutic options, levels range from I to V. Level I evidence is considered definitive and is obtained from a single, high-powered, prospective, randomized, controlled trial or from a meta-analysis or overview of multiple, welldesigned studies. Level V evidence is considered quite weak and is derived from case reports and clinical examples. Levels II-IV represent various degrees between these two extremes.
The modified levels of evidence scale for tumor markers are provided in Table 5 . Study designs of tumor markers often differ from those of new therapeutic agents (1920, 60) . Clinical specimens may have been collected from patients in a number of settings. However, as with studies of therapeutic modalities, the design of tumor marker studies will place the obtained results within different levels.
Of note, the statistical analysis of each study may profoundly reflect which of the levels of evidence it is considered to represent. Statistical analysis differs from the technique of interpretation for a given assay, as discussed above in the marker definition sections. Just as many different methods exist to collect tumor marker data, many statistical techniques may also be used to evaluate similar observations, thus resulting in heterogeneous conclusions (1920, (61) (62) (63) (64) (65) . For example, many markers are frequently reported to be associated with clinical'outcome. However, when evaluated in the context of previously reported (and/or accepted) factors in multivariate analysis, these results may not provide additional information. Furthermore, different techniques of multivariate analysis may also vary, and each must be assessed critically (20) .
Conclusion
We recognize that the proposed TMUGS is complex. Use of the TMUGS for evaluation of available data to assign a utility scale score requires human judgment to compile and assess the magnitude and clinical importance of the observed benefit Evidence from a single, high-powered, prospective, controlled study that is specifically designed to test marker or evidence from meta-analysis and/or overview of level II or III studies. In the former case, the study must be designed so that therapy and follow-up are dictated by protocol. Ideally, the study is a prospective, controlled randomized trial in which diagnostic and/or therapeutic clinical decisions in one arm are determined at least in part on the basis of marker results, and diagnostic and/or therapeutic clinical decisions in the control arm are made independently of marker results. However, study design may also include prospective but not randomized trials with marker data and clinical outcome as primary objective.
Evidence from study in which marker data are determined in relationship to prospective therapeutic trial that is performed to test therapeutic hypothesis but not specifically designed to test marker utility (i.e., marker study is secondary objective of protocol). However, specimen collection for marker study and statistical analysis are prospectively determined in protocol as secondary objectives.
Evidence from large but retrospective studies from which variable numbers of samples are available or selected. Therapeutic aspects and follow-up of patient population may or may not have been prospectively dictated. Statistical analysis for tumor marker was not dictated prospectively at time of therapeutic trial design.
Evidence from small retrospective studies that do not have prospectively dictated therapy, follow-up, specimen selection, or statistical analysis. Study design may use matched case-controls, etc.
Evidence from small pilot studies designed to determine or estimate distribution of marker levels in sample population. Study design may include "correlation" with other known or investigational markers of outcome but is not designed to determine clinical utility.
(hence, our utility scales) and the likelihood that these are not due to play of chance (hence, our Levels of Evidence Scale). Such a process will require interpretation of both the tumor marker data and the therapeutic data (hence, the development of two utility scales). Laboratory and clinical investigators may also wish to use the TMUGS while considering study designs for new markers. Admittedly, adherence to such a system in order to achieve acceptance for a marker will require commitment to long-range study designs that may be time-consuming and expensive. However, with the proliferation of molecular and immunologic techniques, many putative markers are being proposed and investigated. Indeed, individual users of the system may wish to extract only certain features for their own particular objectives.
Admittedly, the TMUGS as it is presented is imperfect. We hope that this publication generates a public dialogue regarding specific issues, such as what is considered "standard practice." Currently, results from unproven markers are being made available to clinicians, with no guidelines as to the reliability of the assay or to the evidence regarding how or if it should be used to make clinical decisions. The TMUGS may serve as a framework in which tumor markers, like therapeutic agents, can be appropriately tested and introduced into clinical practice in order to improve patient outcomes, protect patient interests, and permit more cost-efficient application of effective therapies.
